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(54) Title: PROCESS FORxREPARING CONJUGATED POLYMERS 
(57) Abstract 

A process for preparing conjugated polymers which comprises contacting (i) monomers having two reactive groups selected from 
boronic acid C|-C6 borbhic acid ester,' Cj^C6 borahe7 and'eombiriations thereof, wiuv-arbmatic dihalide-functional monomers: or (ii) 
monomers having one reactive boronic acid, -boronic acid ester, or borane group , and one reactive halide-functional group, with each other; 
(wherein the monameis. are. sx^eC^^^^i^^n^^B^j^S^^i^vci of *such has conjugated unsaturated internal groups) in a 
■ reaction mixture which contains: (a) an organic solvent in which the polymer forms at least a 1 percent solution; (b) an aqueous s dlution of 
morgan^ cbhcehtrationSofiat :least 01 Nr,(c) a catalytic amount 

of a palladium complex; and (d) at least 0.01 mole percent of a phase transfer catalyst, based on the number of moles of boronic acid, boric 
acid ester; and r borane : groups in the reaction mixture; under reaction conditions sufficient to form the corresponding conjugated polymer. 
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PROCESS FOR PREPARING CONJUGATED POLYMERS . 

This invention 'relates to processes for reacting diboronic acids, diboronic acid esters, 
arid/or 'dlboranes-' with aromatic dih • 

, A coniuqated polymer is one, which possesses a delocalized pi-electron system along 
the backbone.as described, for. example, by.D. J. Sandman in Trends in Polymer Science, 

■Vol.- 2-, p. 44,(1 994).-JOne route to these polymers is based on the efficient Pd-catalyzed 
cross-couplinq reaction (commonly. referred to as the."Suzuki reaction") between an aromatic 
boronic acid derivative and an aromatic halide .to yield the corresponding biphenyl, as first 
reported by Suzuki in Synthetic Communications, Vol. 11, No. 7, p. 513 (1981). The reaction 

'^eqWeTa^ compound eifherWth'e fo'rm : of « Pd (II) isalts briRd (0) complexes. 

"p'd(;6^)Jwiffi'*a^terWr^ Pd(PH-P); in the.rangerof 0.01 ; ,to Simple 

'perce^ 

''reiction^lsore^ 
preferred. AjkenyTa^ 

^r^ryaura^ Novak, 
in an attempt to define the optimum i conditions'^ otOrganic 
Chemistry, Vol. 59, p. 5034 (1994)) found tiYaf aqueous carbonate and water^miscible 
acetone^ as toluene, 

slpwed' ; the>reactiqn:;markedly:v.Attemp^^^^ 

use of phase transfer catalysts -were, rnjet^wjth "umfo^ . . 

The Suzuki coupling' reactioWrfa^beefc^ of- conjugated 

^aromatic polymers as : depicted ;in Equation ,l: ; . ... .,.....„,,. ......... , r.i...^., fi . \ 

Pd 



•Y— ! Ar — Y<< -+ i J Br— Ar^Br- -- 



-Ar-l-TT-Ar 2 - 



rEquation I 



Base 

where Ar 1 and "Ar 2 are-aromatic radicals;' Y is a: boronic .acid,pr;boro^ate f radical. Thus, • 
ScfieH arid Mtilleri^^ 

(l'992)) ; reacted alkylated^ , 4-phenylene diboronic acids with, 2\5:-dibr.9rTip-4-alkyJ-4; T (4- 
alkylbenzdyl)benzdphenones in refluxing toluene/aqueous potassium carbonate solution with 
between "i to 2 rrible percent ofcPd(Ph^P)i-for- 1 day and obtained relatively, low molecular 
weight polymers, M w ranging from 600 to 15/100 grams/mole' (relative to polystyrene 
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standards).' More recently TanigakS and Kaeriyama (Polymer, Vol; 38, p. 1221 (1997)) 
reported on a series of aromatic polymers prepared by reacting 2,5Tdj-n-heptylbenzene-1 ,4- 
diboronate with a variety of aromatic. dibromjdes.;w|th t the,same P.d injefluxing 
toluene-aqueous sodium carbonate for 72 hours. The molecular weights of the polymers 
5 obtained fluctuated wdelyi'l^'iwgin^frorrii 46ub"to 45,000^ the 
molecuiarweigM of a poiymer largely determined Its' pr6perties??of eMrriplerthermal 
transltioi&fmecn is a need for an 

impVove^ molecular weight, and o 
preferably one that requires a shorter reaction time:' i. - .«.> . . 

10 v'*! ^n one .aspectiithisjnventionjs^a proce^ 

comprises contacting (i) monomersi.having^two^reactiye^gro 

CVG^bOronic add;ester^Qr£*^W^ 
Afunctional -mPnome 

^orPorane;^ grpjyp^wto^eac^ other;, ,, , !r:jTil jr» ; 

i-5?v.-, ; <ifc *vwMe^ 

• ; i i^such have conjugated? uns^ *rJi?h r-: jr^r:*. \- s u - 

• in enaction mi^ie, s whi^C9n.t8y^$.:jj. ^^j, <;.-0-?-:. m :/ A5; .v^,,-,;:' 

:.^-»<J - vu,(a)«an. organic solvent in : which the. pplymei; forms, at least a 1 .percent spjutipn^ . 

' *'(b) basehaVing'a pKa in the range of from 9 to 
20 13, said solution having a 1 ^n^.ntratibh- i 6f%-iedst.0ii =N? )'•■•■■ -•-< •;••,!>,•>- --■ .i-v. 

bftHHA:- (c)ia: catalytic, amount pfa paU^djunj^mple^aiid^ mrm/v r^-s* n* r< • 

(d) at least 0.01 mole percent of a phase-transfer -catalyst; based,on:the;number of 
moles of boronic acid, boric acid ester, and borane groups in the reaction mixture; 

; -under reaction condition's sufficient to form the corresponding conjugated polymer. 

* ! i • — 

25 It has been discovered that the process of the invention unexpectedly produces 

relatively high r mbleciilar weight polymers having a low polydispe.rsity index in a relatively 
'sh'ort'amount of timey ; It is believe'd.sW 

transfer catalyst facilitates" the transfer of .the boronate anion form the aguepus. solution into 
the' organic layer;' wherein- the reaction between the.boronate and the haHde r Ralla.dium 
30 complex present therein proceeds rapidly; leadjng to polymer formation. These .and .other 
advantages of the invention will be apparent from the description which follows.. 
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The process of the invention may : be used to polymerize both AA-BB and AB type 
monomers.- Polymerizations of the AA-BB type (monomers (i)) may be represented by 
Equation II. •• < ••== .<,.-•-.•. ; i- .- t -..-.n lt . •• . «- t -. ..-it,.-.. . 

Equation II 



i 9 " Pd 

Base 



"IP?..— P 2 7 



n 



m',>j..- itt<». • •: . J> '■ , i ..•>• -"v..""*. • ' , •<"•'. rv'"'-,'tr:i 



Polymerizations of the AB type (monomers (ii)) may be represented by Equation III: 
M 3 »- —{7- P 3 -^p- Equation m 




>nomers t have reactive, groups selected from boronic acid [B(OH) 2 ], boronic ester [B(OR) 2 
.where.RJs^C, -C c hydrocarbyl or the two R groups connected as in -CH 2 -CH 2 - and [-CH 2 -CH 2 - 
CH,-1 or borane [BRJ group, wherein R-js C.-C^ hydrpcarbyL(hereafter, collectively, "boron 
derivatives?).,^TTie.term.;halide-functional".as,u refers to monomers having 

. reactive qroups selected from iodide, bromide, and triflate,(CF 3 S0 3 -j, arid combinations 
thereof. In the above.,Equation II, M 2 monomers are.dihalide-functibnal and have two of such 
arouDS. M 3 monomers in Equation III have one halide-f uhctiohal group and' one boron- 
derivative group.., R 1 , P 2 , and P 8 refer to the residues of M\ M 2 , and M 3 , respectively, 
remaininq after reaction of their reactive groups in the polymerization reaction. The boron- 
derivative groups in.the above monomers are preferably boronic acid or boronate i groups, 
and are most preferably boronate groups. The halide-functional groups in the above 

monomers,are.preferably,bromide or iodide, and most preferably bromide. 

"- ■ - -- •*• ^■■ l . T i- : .-n';u«<: ? >> *"-• (>-- •r-t'-y-' ■ '^.^V'l.rb r,i norf -Afo v- ! .-f.jr* r' >> •> - f - < ,< >^>.^.*. . 

Preferably, about 50 mole percent of the reactive groups presenMn the - - - 1 
po'lymel^ation^lreactioW ifni^uVe aiWBSron^deftvativ§" gibtipVj'fihcl-'th^ rernairilhg" reactive 
groups are selected from the halide-functi6na'i ? grdupsT' "Conjugated unsaturated ^g 
refers.to internal groups having double bonds, triple bonds and/or aromatic rings in 
coniuqation, and "conjugated polymers" refer to polymers containing such groups: The 
incorporation of such groups into the polymer may be used to optimize the light absorption, 
ionization potential, and/or electronic properties pf the polymer for a particular application. 
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Preferably, the monomers contain. internal groups selected.from ethylene, acetylene, 
C 6 -C 20 mononuclear/polynuclear aromatic hydrocarbons, G 2 -C 10 mononuclear/polynuclear 
heterocycles, and tertiary arylamines. Examples of mononuclear/polynuclear aromatic 
hydrocarbon internal groups include phenylene, naphthylene, fluorene, acenaphthene, 
5 phenartthrene, anthracene, fluoranthene, pyrene, perylene, aibrene, and chrysene. 

Examples of mononuclear/polynuclear heterocyclic internal groups include 5-membered 
heterocvcles such as furan. thiophene, pyrrole, oxazole, isooxazole, thiazole. isothiazole, 
imidazole, oxadiazoles, thiadiazole, and pyrazoles; 6-membered heterocycles such as 

pyridine, pyridazine, pyrimidine, pyrazine, triazines, and tetrazenes; benzo-fused ring 

" : i'*i\.->-„a * ,-*•*' • , — " c ">i. 

10 systems such as benzoxazole, benzothiazole, benzimidazole, quinoline, isoquinoline, 

cjnnoline, quinazoline, quinoxaline, phthalazine, benzothiadiazole, and benzotriazines; and 
pplynuclear condensed ring systems such as phenazine, phenantnndine, acnaine, 
i i_ ..^ ^ n k, nn ..ione nvMa ' Pvamnioc nf tertian/ flrv nminp arouDS inc ude 



Examples 

3 o 2,7-fluorenediboronates! Examples' of M* monomers include' g.lj-disubstirAited-di-2,7- 

bromofluorenes and 4,7KJibrorno-2,1 ,3-behzothiadiazble; ' Examples Of M 3 monomers include 



15 diphenylnaphthylamihe. In general, olefihic- arylamino, aromatic and heterocyclic aromatic 
groups containing up to 30 carbons are useful for the present purpose. They may be 
substituted optionally with one or more substituents. Examples of substituents include C-O ffl 
hydrocarbyl radicals, C^C (thio)alkoxy radicals. C^C^ahioJaryloxy radicals, cyano; fluoro, 
chloro, C rG alkoxycarbonyl, C -C aryoxylcarbonyl, poly(alkyleneoxy), and 

20 alkyl(aryl)sulfonyl radicals. Such substituents may be selected to improve the solubility or 
processing characteristics of the polymer. In such cases, the substituent is prereraoiy 
selected from aikyl', '^ko^^'^^^^^ and'cy'ano, and isimbst prefe>abiy alkpxy. The 
process of the invention may also utilize more than two types of the above-described 
monomers. The ^process 1 ^^'is'alsb app'ribable to A'B-typeT polymeHzatfons whe^ein the 1 ) 

25 monomers each have "one boron derivative g^up ahd'one haiogeh'grbup (M 3 mbndmers). If 
desired, a monofunctional aryl halide or,aryl, boronate may be used as a chain-terminator in 
such. reactions,. which wilLresult.in the formation, of^a terminal aryl group. Preferably, the 
.monomers ,coptaiji inte£n^ . ; , _ . ; .,, , , : . . v ^ . .. 



4-bromobenzeneboronate and 9,9-disubVtituied-2-bromb-7-flubrene 
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If M 1 and M 2 monomers.are used, the molar ratio of monomers haying, two boron 
derivative groups to monomers having two halide-functionaj groups is preferably. at least 
0.98:1.00, more preferably at least 1 :1 , most preferably at least J. 02:1. 00; ; but is. preferably 
ho greater than v 1 ,1 :1 -.0, more preferably no greater than 1 .06:1 .00. 



^invention include those 



5 Organic solvents suitable for use in the process of the i 

capable of dissolving the monomers to a solution concentration of at least 1 percent, more 
preferably at least 2 percent. Preferably, the solvent is a C 6 -C 20 aromatic group-containing 
compound; and more preferably,is benzene;;to!uene, xylene, .gthyj^enzene,. mesitylene, 
' " 'anisole, f or a fluorinated analog thereof^^^ 
10 • of solvehtiri thVreaction should be such that.efficientmixing .can .be_ma^ntelned^t.xef|ux as 
the reaction mixture becomes increasingly iviscousdue^ 
^ weight. This is generally in the range of 5 mL to 20 mL of solvent to every gram of polymer, 

preferably about 10 mL of toluene for every gram of polymer: °< •••>'•-' f 

. .. c Examples, of aqueousiinorg.anic-basesiusef ul ,in .the? prqcess r £f. .t^e t jnyentipjj^include 
is " ^|Fnietai^tt»or«tesfknd. bicarboriates. ; preferably; ^^ueoHS.base^is.a solution of an 

exact ratio of base to monomer-is not significant.as, lpng ; as the .molar r amoun^ 

exceeds the molar amount of monomer. Preferably, the base is employed in an amount in 

the range of 1 to 3 moles of base to each mole of hahderfunctional" monomer. 



20 Palladium may be added as Pd (II) salts or as Pd (0) complexes. Pd acetate is the 

preferred Pd (II) salt While'' P3(Ph a P) 4 . is the preferred; Pd (0) complex. When a Pd (II) salt is 
used, it is advantageous to add to the reaction mixture 2 to 4 molar equivalents of 
triphenylphosphine (Ph 3 P) per mole of Pd salt. Alternatively, a Pd (ll)-Ph 3 P complex, for 
example, PdCI.,(Ph 3 P) z may be used. .The amount of Pd to monomer is preferably in the 

25 range of 1 x 1 0* mole to 1 x 1 0* mole of Pd for each mole of monomer, more preferably 

1 x 10' 5 mole to 1 x 10" 2 mole of Pd for each mole of monomer, and most preferably 1x10" 
mole to 1 x 1 0" 3 mole of Pd for each mole of monomer. 

The term "phase transfer catalyst" as used herein means quaternary ammonium and 
phosphonium salts, crown ethers, cryptands, as well as "triphase" catalysts, as described in 
30 March, Advanced Organic Chemistry, 3" 1 Ed., pp. 320-322 (1992). Preferably, the phase 
transfer catalyst is a tetraalkylammonium halide, tetraalkylammonium hydrogen sulfate, or a 
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ft 



tetraalkylammonium hydroxide. Preferably, the four alkyl groups of such catalysts have a 
combined total of 16 to 120 carbon atoms. Examples of most preferred phase transfer 
Qatalysts are tetrWn-butylammohium halide, benzyltriethylammonium hal.ide, and 
tricaprylylmethylammonium chloride- (available as Aliquat® 336 from Aldrich Chemical). 
5 Preferably the molar ratio of phase transfer catalyst to monomer is at least 0.01 mole of 
catalyst to each mole of monomer, more preferably at least 0.05 mole; but preferably no 
qreater than 0.5 mole, more preferably no greater than 0.1 mole. 

: r31 ! ^ ! '' The' preferred upper limit of reaction temperature is the boiling point of thejmmiscible 
:r liquid mixtiife'cbrisfsfihg of a sblutionof monomers in the organic.solyent and aqueous base. 
10" Ingengra^ below 150°C, more, preferably 

'^elow ^ ' 1 :i f"-'0--<.' ; r> «, t .-. 

The reaction proceeds japjdjya^ 
up is seen after 1 to 2 hours. A preferred reaction time is between 10 to 50 hours, a most 
' U '" '"prefened reactio^imei^ b V tne Process of the 

is ' " ^venifon freWrably'tfa^ 

"* ' preVeratBTy^Tig^ greater than 6, 

moVepfefefably^ 

Preferably,. tbevpplymers, prepared by ttje process of the invention contain units of the 
formulae: 



-Arrj-, .. .(^),. , ... 



20 



" •. .:-i-ri:.-.. f 
: .h<- t. ; k •• ; 



n 



; or 




(II) 
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wherein n is a number of at least 20; Ar is a "conjugated unsaturated group; and R\ R 2 , and 
R 3 are as defined below. To prepare such poiyrriers, a halide corresponding to Formula (IV), 
Formula (Vi), or a mixture thereof; may 'be reacted with an ecjiiimolar amount of diboronic 
acid or diDoronate^^ (V)for a mixture thereof .-under the 

catalytic action of Pd: 

' b.-.- V(R?) a MV. ; 5) i- ^'(R 2 )a-l ....i'.r.:'. 

" " (IV) 






(VI) 



T,;:..f.n;r-)o« 

or.< ii wherein -R' is^independently'inJeach.occurrenceiCirPzo t &X^rP f ?F£yi?ft£!?£»> 
io '•tiy*roranby|.'Con^ 
C 4 -C 16 aryl(triall^ 
— rihg^struetfr^ 

R 3 is independently in each occurrence a C.-C,,, hydrocarbyl or C,-C 20 hydrocarbyl 
. v substituted t with di(C -C M alkyJ)amino, C,-C 20 hydrocarbyloxy or C r C hydrocarbyl or tn(C 
alkyl)siloxy; . 

a is independently in each occurrence 0 or 1 ; 

;]) if ^P.M^'-^vav ex/:- j -v.^:<no <■-• ^ .J.'.rf-sf n<.>i>A<»'vni »r- •?>.--.qpe .-■ •.Hoc.*, t-.-y 
X is independently in each occurrence a halide-functional group; and 

:• Z- is independently in each occurrence a bqrpn derivative group. 



15 



20 



Polymers prepared by the process of the invention may be used to prepare films 
thereof. Such films may be used in polymeric light-emitting dibdes. Preferably, such films are 
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used as.emitting layers or charge carrier transport layers. These oligomers and polymers 
may also, be used as protectiye coatings fpr electronic devices and as fluorescent coatings. 
The thickness of the coating or film.is.dependenUjpon the ultimate use. Generally; such 
thickness can be from.0.01 to 200. microns. In that embodiment wherein the coating is used 

as a fluorescent coating, the coating or film thickness is from 50 to 200 microns. In that 

:'• - d v. rvlvtei; 

embodiment where the coatings are used as electronic protective layers, the thickness of the 
coating can be from 5 to 20 microns. In that embodiment' where the coatings are used in a 
polymeric light-emitting diode, the thickness of the layer formed is 0.02 to 2 microns. The 
oligomers or pblyrriers of . the invention form good pinhole- and defect-free films. Such films 
can be prepared by means well known in the art including spin-coating, spray-coating, dip- 
coating and roller-coating. Such coatings are prepared by a process comprising applying a 
composition to a substrate and exposing the applied composition to conditions such that a 
film is formed. The conditions which form a film depend upon the application technique and 
whether theipoiymers contairvVeactive end groups. In a preferred embodiment, the 

' composition applied to the substrate comprises the 2,7-diaryl-9-substituted flubrene oligomers 
or poiymers dissolved ;ih a common organic solvent. Preferably, the solution contains from 
0.1 to 10 weight percent of the oligomers or polymers. For thin coatings, it is preferred that 
the composition contains from 0.5 to 5.0 percent by weight of the oligomers or polymers. This 
composition iVfheh^applied to'the'appropriatevsubstrate.by.the desired method and the 

' ;? iSj^fAt^iMii8^ee|-'tb) evaporateU ResidUal<s6lvent^may/,be removed by. vacuum and^qr^by 
heat? If the solvent ^ to. 
2 petcentrare'deilred^ < If the solvent is high; boiling/ then^igh concentrations;; for example, 3 
H?todOpercent^ar,e^desh^ Is then exposed to the 

necessary conditions to cure the^film, tf v need^,Jo^q^ep.a,r^.^|ilm having high solvent and 

heat resistance. The films are preferably substantially uniform in thickness and substantially 

..u.-.u^si..^,, >..-;.:.-, v airtt)Oicfy.:j( ...=■ 1 iv.^vtujur;- c :i ..f, vi ..;>~r •,. . - •• 

free of pinholes. Preferably, the films are dried when exposed to temperatures of 50 O or 

greater, more preferably 100°C or greater and most preferably 150°C or greater: Preferably, 

the films cure at a temperature of 300°C or less. 

Yet another aspect of the invention relates to organic electroluminescent (EL) 
devices comprising a film of the polymers prepared by the process of this invention. An 
organic EL device 'typically consists of ah organic film sandwiched between an anode and a 
cathode such that when a positive bias is applied to the device, holes are injected into the 
organic film from the anode, and electrons are injected into the organic film from the 
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cathode^The combination of >a hole and.an electron .may give rise to an .exdton which may 
undergo radiative decay to the ground state by liberating a photon. In practice, t the..anode is 
commonly a mixed oxide of tin and indium (ITO) for its conductivity and transparency. The 
' ~ITO £ deposfte^ orgastic so that the light emitted 

5 by the orgafe film may'be observed.' Trie organic film mayWthe'compbsite of several 

• ; .-if t.|i>.*syhxsiy}si • «• $rttiK-4-«:<f " 'j'vui^^uxK r'-^a?. Ui(t£i*i?<' / • ' it- 

individual layers each designed for a distinct function. Since holes are injected from the 

andde-the ; layer nexttpjtt r ng holeS ' 

Similarly,,the|aye X vnext..to^cathode 
<cie electrons., InrTOWrt^^es^e,^- (electr^o^ 
10-.^ layer.bln somedastances 

\ teansportiand Hght ; e^iss^ may^bj|allWneric in 

natur#or,oomMnatkD^ 

1000 nanometers (nm). It is more preferred that the total ^'?}^f||i|^||i^^^ m - u 
15 is most preferred that the total thickness be less than 300 nm. One embodiment of the 

> r.^'l ^he^TP^ 
• after,the;usual:fcleanin^ 
2o^Wajsp,befirsteoat^;w^ 
n-. ^Such:suhsMn^ 

■ ?i acid, for example, poly(styrejoesu!tpnic^ be 

_) 200 nm or less; it is more preferred that the thickness be 100 nm or less. 

25>v»'., » I. Inithexases ^here^hd ar^lamines 

^described mXJiS: Patent.a R plicaHon ^Serial,^ U.S, 
: -Patent'appHca^^^^ . 
5 728 801. may -bemused.* Other-known, holerconducting Dplymers,.such as . 
polyvinylcarbazole, may also be used. The resistance of this layer to erosion by the solution 
3 0 ' ' of trie copolym er 

fabrication of multi-layer devices: 1 A's the' cdp'6lymefs"of this inve as xylene 

or toluene solutions, the hole-transporting layer needs to be insoluble in these solvents. The 
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thickness of this layer may be 500 nm or less, preferably 200 nm.or, less, most preferably 
' 100 nm -6r 'less. ' • '' "'' ■ '- •' • 3: ' • 3 : . ; •, : - 

.... * • In the case where an electron-transporting layer is used, it may be applied either by 
. thermal evaporation of low molecular weight materials or by solution coating of a polymer 
. with a solvent that would not cause significant damage to the underlying film. 

> "'" r ' ' ^Examples" of low' mbi ec^ ar weigfit' rnatenMsMnb'lud^the "metal complexes of ; 
8-h^droxya^ 

* pp'2718^^' (?99l)^ ^e^ll^fnplexeg of i^Hydrbxyb^rizb^hJquiridline (as described by 
f ' Hamada It &!in^hemslr$ letters, pp:'906-906 ? (i 993)^Vi3^-6xadiaibles (as'described by 
•^filmida et^af in ^o^/^dT^^ufces^ fecfUbidgies:- Vol:?7f PP V83-93K1 992)). 
tl^af,!^ in^m^^ette^'pp^48' (1 996))Vand 

^^o'xSSe^lryleWi ^I^I&tfetfby' yoWm^mm^pliedPhy^ic^lietters- Vol. 

fnviu^Rblymericiele^ 
containing polymers (as described by Li et al. in Journal. pf 4 ^rni^^g^^^^^j2Z\2 
(1995), and by Yang and Pei in Journal of Applied Physics, Vol. 77, pp. 4807-4809 (1995)), 



Metals, vol. / o, pp. iut>-TU» iitmpjj, ana cyano i rr-v las-a esur iueu-.u.y wwvw. "•»' 

The metallic cathode may be deposited either by thermal evaporation or by 
sputtering: The cathode maybe frbnViOO rim toil 0,000 nm< The preferred 

mayalsoljeuse^ 

magnesium^conlaihlr^ 1 :? « ■)*.&■■'■■ ■ ■'■ 

-.The EL devices.of, this, inventipn.may, emit .light when. ( subjected ; to an applied voltage 
• : of 50 Volt or less with.luminance...effjcie.ocyjas (jigh, as .e-.C.^.,;. . j.,..;.. ... .... . ... 
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In a preferred embodiment, the EL device comprises at least one hole-transporting 
polymer film and a light-emitting polymer film comprised of the polymer' of the invention, 
arranged between an anode material and a cathode material such that under an applied 
voltage, holes are injected from the anode material into the hole-transporting polymer film 
5 and electrons are injected from the cathode material into the lightfemitting polymer films 

when the device is forward biased, resulting in light emission ffomWe.Jight-ernitting layer. In 
another preferred embodiment, layers' of hole-transporting polymers are arranged so that the 
, layer closest to the anode riasthe lower oxidation potential, with the adjacent layers having 
progressivelyTiigher ojcidatibK potentials. By these methods, EL devices having relatively 
10 high light output per unit voltage may be prepared. • 

The term "hole-transporting polymer film" as used herein refers to a layer of a film of 
a polymer which when disposed between two electrodes to which avfield is applied and holes 
are injected from the anode, permits adequate transport of holes into the;emitting polymer. 
Hole-transporting polymers typically are comprised of triarylamine groups. The term "light- 
is emitting polymen4ilrhrvas'Usedihereirj. refers.to a. layer, of a film t of:%polymer whose excited 
states can relax-tb the ground state by emitting photons, preferably corresponding to 

wavelehgthsjn the visible,. range. The term "anode material" as used herein refers to a semi- 

.•r-'mw.^y.-a.^jij^iu "jf«!«i^«}u^i?*»«-i?^:8,^. w/rats^^uiHwro ••f?*fi'3. p y\K'i;-A-m^-v. . f ..^ 

. transparent, or transparent, conducting film with a work function between 4 .'5 electron volts 

(eV) and 515 eV. Examples are oxides and mixed oxides of indium and tin, arid gold. The 

■■.?>. v. wff.-^Wfli »ca>:ib.f» ^V/f uHMtfam f^^atets^nfieif^xiisttiH:- (h>F<v x r- a n 
2 o term "cathode material" as Used herein refers to a conducting film with a work function 

between 2.5.eV and 4.5 eV. Examples are lithium, calcium, magnesium, indium, silver, 

aluminum, or blends and alloys of the above. 

° u ' ! g J nWfoliowirfg" Examples ^Ve'giveri to invention and should.not.be 

" ^ <:>:: InWrp>ete'3^1i'r^itin'g f it ihlany way? Unless state'd otherwise/all parts and percentages are 

25 given by weight fV ;r * ">. ti?--^* i-^c-V ^ynm. •v.-;..;.-,. \ k c n.-jH-n 

> ; f ; . * i i i, AII;inherent..viscosity t measurements given a below were conducted at 25°C in.0.5 g/dL 
< V THE solutions., The formulas pfjhe, monomers us,ed,are given below. , • 
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Br 



L s •, -, _.e0 2 Me:.. 

«:* • -v mi< o is- 



■A..M 



:>>:•.,■.■ »>(4);.Kf«i •„> i- ,i r.o'i'»:wi Vwt jt *•::•?) .'is" 1 . ~ v .i> 
' Example i - Pr^^ u,v VK !S 1 




(6) 



"mmol, 



heated at gentle reflux for 2 hours when a viscous reaction mixture was observed. An 
10 additional 50 mL of toluene was added and the reaction continued for another 15 nours. 

Sixty.' mL-of toluene was .then, added .to.the ypm^^^^^^WM-f--. and the heating and 
.: .stirring were.continued.fon 9 more.hours. ? Atthe end A of s thjs period, the ^plym.erwas. capped 
by adding 2 g of phenyl ethyleneboronate followed by heating for 15 hours,, and. 1 g of 
bromobenzene followed by heating for 5 hours. The reaction mixture was cooled to about 
15 ; 6&clndw^ of deionized 

water. The fibrous^pbiymef was collectedly filtraliori^and Was £ washed successively with 
methanol (500 mL), deionized water (200 mL), and methanol (800 mL), and then dried in a 
vacuum oven at 60°C for 10 hours. The polymer weighed 23 g (100 percent yield). The 
inherent viscosity of the polymer was 1 .50 dL/g. Molecular weight measurement by gel 
20 permeation chromatography showed a M w of 148,00 g/mole, and a M n of 47,980 g/mole 
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relative to polystyrene standards. The spectral characteristics of the polymer are consistent 
with- the structure: 



_ ;«•;•.«»:» 




•R ="n-6ctyl 



Comparative Example 1 - Preparation of a homopolymer of 9,9-di-n-octylfluorerie without 
... . ■!- - . ..-•>;>. -v. u Upfigg^ tr a nsfercatalyst (not'an example of the invention) 



The experiment of Example 1 was repeated at one-third the scale but without 

•1 Ci is 'i trued ; ; !«f;i.^n'»»i.{j ! ; •!»."= ' \ ,ct tfni'.-' i-.v.i} : -5 -', ■ - ■• ,_,s..-.- 

Aliquat® 336. The polymer, isolated after 60 hours of reflux had an inherent viscosity of 
0.22 dl_/g. Molecular weight measurement by gel permeation chromatography showed a M w 
of about 13,000 g/mole, M„ of about 9,000 g/mole relative to polystyrene standards. 



Example 2 - Preparation of a copolymer of 9,9-di-n-octylfluorene and 2,1,3-benzothiadiazole 

To a mixture; of 9,9^di-n-octyif^ (monomer (1 )), 

R = n-octyl, 5.77 g, iO.87 mmol), 4i7^f6fbmo-2^;3^behzotfijad'iazole (3.20 g, 10.87 mmol) 
(monomer (3)) in toluene (50 mL) 'under nitrogen was added Aliquat® 336 (1 .1 g, 2.7 mmol), 
tetrakis(triphenylphosphine)palladium (0.056 g, 0.045 mmol), and 2 M aqueous sodium 
carbonate^ 17 mt; 34 1 mmol): The ; mixture was stirred vigorously and heated ; at reflux for 
16 hours. , Afteriend T capp|ng,with r pheny|bor9nate and then bromobenzene,.the copolymer 
wasJsdated as.bnght.yeljowjb.rou (5.7 g„ 100 percent yteld).. The polymer had 

an inherent viscosity of 0.94 dL/g.- The spectral characteristics of the polymer is consistent 
•withjhe. structure:., -n^ <* . ., . . ...... ........ . ........ 




1 1 r 1 



R = n-dctyl 



so ; '.: iiji-r.'^:i,t;'r.'.-.i.'...i7 .; 



Comparative Example 2 - Preparation of a copolymer of 9,9-di-n-octylfluorene and 2,1,3- 
benzothiadiazole without phase transfer catalyst (not an example 
of the invention) * -•• '\ 

The experiment of Example 2 was repeated without Aliquat® 336. The product had 
an inherent viscosity of 0.14 dL/g. 
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10 



Example s -' Preparation of a copolymer of 9,9-di-n-octylfluorene and naphthalene 

To a mixture of 9,9-di-n-octylfluorene-2,7-di(ethyleneboronate) (monomer (1)), 
R = n-octyl) (3.20 g, 6.03 mmol), 1 ,4-dibromonaphthalene (monomer (4), 1 .725 g, 
6.03 mmol) in toluene.(4p mL) under nitrogen was:addecJ.fetrakis(triphenylphosphine)- 
palladium (0.12 g, 0.1 mmol), and 2 M aqueous sodium carbonate (12 mL, 24 mmol). The 
mixture was stirred vigorously and heated at reflux for 16 hours. An aliquot (0.05 mL) was 
removed and added to 10 mL of methanol. No fibrous polymeric precipitate was observed. 
To>thereactio.n-was ( then^^ stirred and 

heated for another hour. An aliquot was removed and when it was added to methanol as 
before an off-white fibrous polymer precipitated. After an additional 15 hours, the polymer 

; •.o.wj>>'-;--'« i;r,tSpt.-!}3< 5!-jf>g-%f.f;. y\pj&* -«MJS' tf&i«t&Ci '*6f&At>& r-f - !+;_£' ffctj «!«-«»:.-•> 

was isolated by precipitation in methanol (3.1 g, 100 percent yield). The polymer had an 
inherent viscosity of 0.39 dL/g. The spectral characteristics of the polymer are consistent 



with the structure: 




R = n-octyl 

4l...«:5»Mi-n •* > " . L v'.!;i'l '! .-.» 



15 



20 



Example 4 '-^ Preparation.of.a copolymer. of 9v?-d;i-n 7 qct^lfiuo!;ene and b;thiophene 4 . 
v : ^fo^j^jxVu'r^of 

- & 1^m^1n^ 

palladium (0.18 g, 0.156 mmol), Aliquat® 336 (1.0 g), and 2 Maqueoos sbdium carbonate 
(24 mL, 48 mmol). The mixture was stirred vigorously and heated at reflux for 24 hours. 
The highly viscousreactipn mixture, was poured irifp acetqne (500 mL), precipitating a highly 
fibrous yellow polymer. The polymer Was .collected by filtration and washed with more 
acetone and dried in a vacuum overt at 60°C overnight. The polymer had an inherent 
viscosity of 1,84 dL/g. Its spectral characteristics are consistent with the structure: 



25 




R = n-octyl 
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Example 5 - Preparation of a fluorene-benzidine copolyrner 

To a mixture of 9,9-di-n-octylfluorene-2,7-di(ethyleneboronatej (monomer (1)), 
R = n-octyl,- 1 6.1 5 0*30.9 mmoiJt'N.N'^iH^rbmbphe^ 

phenyl)b T eh'zidihe (m6riomer(6))7 (23:70 g, 30.0 mmolj in toluene (225 mL) ,; under nitrogen 
: was added Wtrakis(th'p (2.6 g), 

! and'2Waquedus sodium carobnate'(60 mL, 120 mmol^The- mixture was'stirred vigorously 
4 andWe^eo'meflux f6r'24 f hbura 

Vf pVl^m^r ^tft^mhlie'fent viscosity -of -1':4d diyg.^lts spectrar cha^ 
with the-structure:^ ? ' v ' ■ ' : -" v " ^ • 1 ' - "• 




Example 6 - Preparation of a high molecular weight homopolymer of 9,9-dioctylfluorene 

To a stirred mixture of 9,9-dioctyl-2,7-fluorenediboronate (27.42 g, 51 .2 mmol), 2,7- 
dibromo-9,9-dioctyifluorene (27.43 g, 50 mmol) in toluene (450 mL) ; under nitrogen were 
added sequentially the phase transfer catalyst, Aliquat® 336 (1 .4 g, 3.4 mmol), 
tetrakis(triphenyl-phqsphihe)palladium (38 mg, 0.032 mmol), and 2 M aqueous sodium 
carbonate^SO mil, 160 mmol). The mixture was stirred and heated under gentle reflux for 
20 hours when a viscous reaction mixture was observed. One gram of bromobenzene was 
added and stirring and heating continued for 5 hours. The reaction mixture was cooled to 
about 50°C, added slowly to a vigorously stirred mixture of 3.5 L of methanol and 200 mL of 
1 N aqueous HCI. The polymer fibers were collected by filtration, washed successively with 
methanol (1 L), deionized water (500 mL), and methanol (1 L), and dried in a vacuum oven at 
60°C for 16 hours. The polymer weighed 39 g (100 percent yield). The inherent viscosity of 
the polymer was found to be 1.65 dL/g (THF, 25°C, 0.5 g/dL). The polymer was purified 
further by passing a toluene solution of the polymer through a column of silica gel and re- 
precipitation from 4 L of methanol. The purified polymer weighed 37 g (95 perctent yield). 
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Example 7 - Preparation of a copolymer of 9,9-di-n-octyifluorene and 9,9-di-(4- 
methoxyphenyOfluorene 

;To a mixture of 9,9-di : n.-qctylfluprene-2,7.-di(ethyleneborate. (monomer (1)), 
R== n*pctyl,.3.26_g, §.15jrimol)i 2,7-djbro^ 

: (monpmer ri (2)), R,= f 4-methpxyphenyl, 3.22 g, 6.00 mmpl) in toluene (60 mL), was added 
Aljquat®. ,336 ( (0.^g), tetrakis(triphenylphosphine)pa (WA mg, { <^PJ2,rnmpl,..0.2 mol 

percent)fand 2,M aqueousspdjum 

vigpo>HlMy;S^ihf§ted,atgf|itl^f;efljJX for .2£,ljours when .a yiscou&.^eaction mixture was 
observed. At the end of this period, the polymer was capped by adding.-1 g of y , . r 
bromobenzene followed by heating for 5 hours. The reaction mixture was cooled to about 
60°C and was added slow|y,to.a stirred solution of 2 L of methanol and 200 mL,p.f deionized 
wafer. The fibrous polymer was collected by filtration"and~was washed successively with 
methanol (200 mL), deionized water;(100 mL), and methanol (200 mL), and then dried in a 
vacuum oven at 60°G fornl'Q hd.ursT -The polymejCw.eigHed 4.1. g (99 percent yield). ;The 
inherent viscosity of the polymer was 1 .2 dL/g. The spectral characteristics of the polymer 
were consistent with the structure: 
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CLAIMS: '•• •• ' 

1 . A process for preparing a conjugated polymer which comprises ; contacting 
0) monomers having.twoTeactive.grqups.selected from borqnic acid, C,.-C 6 boronic acid 
ester, C;-C. borane, and.cqmbinations thereof, .with arqmattedihalide-f^ 
or (ii) monomers having one reactive boronic acid, boronic acid ester, or borane group and 
'qne 'reacfi^ ; . = • ■ i I 

wherein the monomers are selected so that the'polymerization reaction products of 
such have conjugated unsaturated internal groups; 

in a reaction mixture which contains: 

(a) an organic solvent in which the polymer forms at least a 1 percent solution; 

(b) an aqueous solution of. an inorganic base having a pKa in the range of from 9 to 
13, said solution having a concentration of at jeast 0.1-/V; 

(c) a catalytic amount of a palladium complex; and 

r.rnq!^£tborar^ 

;.r. n ruwder'feactfon- cdriditions sufficient' to fomi thevcOrresponding conjugated.pqlymer. 

o ?v." f ■<:'■•.) '•'■-} oiifJi'tu^o i-iii." . •' : .. : j u id ,«juicit»w* pf»i'„ C'i. "j /VVm'H vf^Uil'rf* r • Ctr.n>".i"ii. -■ 
2 The process of claim 1 wherein the moiar ratio of monomers (i) hayiiig two 

groups selected from boronic acid, e v -C 6 boronic acid ester, borane, and combinations 

thereof, to aromatic'tiinalidemjhc at Ieast;1~.02:(h00: r 

3. The process of claim 1 wherein the organic solvent is benzene, toluene, xylene, 
ethylbenzene, mesitylene, or anisole. 

4. The process of claim 1 wherein the organic solvent is toluene. 

5. The process of claim 1 wherein the inorganic base is sodium carbonate or 
potassium carbonate. 

6. The process of claim 1 wherein the inorganic base is employed in an amount 
sufficient to provide a molar ratio of base to halide-functional monomer of at least 2:1 . 

7. The process of claim 1 wherein the palladium complex is employed in an amount 
sufficient to provide a molar ratio or palladium to monomer in the range of from 0.001 :1 to 
0.05:1. 

17 
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8. The process of claim 1 wherein the phase transfer catalyst is C t -C^ 
tetraalkylammonium halide. 

'9~ The process of claim 1 whereih the phase transfer catalyst is erhp^^ 
amount suffident to provide'a molar ratio of catalyst to monomer bf at least 0.01 :T.' 

10. The process of claim 5 1 -.wherein -the-. RQlymer reaches a degree o} polymerization 
of at least-20-in less than, 24 hours:. >: . { - m , ; . c . ; ,. - ... =l , „,.•..„, 

1 1 . The process of claim 1 wherein the polymer contains at least 20 groups of the 

:■:-*: !Jt'.. •.: n nrSj ; .- ••:. , ?i:.n ,;f i!;:ivc r. 

formula: 




wherein Ar is a cohjugafea unsaturated '*grdup;*ar?d"R • is independently -in each occurrence 
Cj-C^oTiydrorarbyl or'C^-S^'ftydrbca or more 'S; N/D^P or Si atoms, 

G;-G^ hydrocarbyl carbonyloxy, C;-C ik aryl(trialkylsiloxy) .or both,. B? may form with the 9- 
carbon on the fluorene ring a C s -C m ring structure or a C 4 -C 20 ring structure containing one or 
more heteroatoms of S, N or O. 

12. The' process of claim 11:.wherein ArJs ; .benzothiadiazple,; : ,. .... 

tint.- •&fii*vnt>- tit ~*i •trvytrv; i v.- r> fi'ff' :~tpttv f * ;ti.';';i''f'-'r:'.'"i"; r? r- " 



• t. 
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